Abstract-Grids are increasingly being used in applications, one of which is e-learning. As most of academic and business institutions and training centres around the world have adopted this technology in order to create, deliver and manage their learning materials through the web, the subject has become the focus of investigate. Still, collaboration between these institutions and centres is limited. Existing technologies such as grid, web services and agents are promising better results. In this paper we propose to make the e-learning environment more dynamic by dividing it into regional data grids. Multi-agent technology has been applied to integrate each regional data grid with the others in order to produce an architecture which is more scalable, stronger and efficient. The result is what we call it Regionally Distributed Architecture for Dynamic e-Learning Environment (RDADeLE).
I. INTRODUCTION
e -LEARNING has been increasingly used by both academic institutions and businesses for learning and training activities. Various types of e-learning platforms and tools have been introduced in many different education institutions and private training centres. Many technologies include Web Services [1] , Grid computing and Data Grid technology [2] and Agent technology [3] have been integrated into e-learning environments to enhance the architecture.
Web Services have emerged as a paradigm of distributed computing, and have been proposed as an intermediary framework for the integration of standard compliant e-learning platforms in order to eventually embrace advantage of the benefits offered by their technology [1] .
Data Grid technology is another supporting technology for e-learning services in order to make learning materials such as Learning Objects (LO) sharable by learners in different sites [2] .
Agents can provide both useful abstraction at data grid environment and very dynamic and robust services. Using the agents' essential powers is strongly recommended in grid environments. Although the multi-agent system MagCat has its search agent (known as SearchAgent) which is responsible for performing queries in distributed metadata repositories, this agent does not analyse the result of its search [3] .
These technologies have not been adopted cooperatively and collaboratively to support e-learning services. Agent and data grid architectures seem different from each other. As a matter of fact, we can learn from one in order to improve the other [4] . e-Learning services are composed of many components which are part of distributed systems. These components and the system as a whole are designed to be cooperative. Grid and agent communities are pursuing the development of such distributed systems [5] . In our architecture, we intend to support e-learning services using these technologies.
The organisation of the paper is as follows. First, in section II we present a background which includes the e-learning environment, grid computing and agent and information management. In section III we present the required analysis for our proposed architecture. This includes the context and motivations, prerequisites for a dynamic e-learning environment. In section IV, we introduce an analysis of our architecture (RDADeLE) from a technical point of view. This includes descriptions of architecture components, regional grid structure, and multi-agent roles in regional grids. In section V, we introduce contents and services management. Finally, in section VI we conclude the paper.
II. BACKGROUND

A. E-learning Environment
Nowadays, the power of a nation or a society is measured by the adequate amount of useful information they acquire and the way that they deal with it. In the education and business fields, learning is the backbone of information. A tremendous quantity of information is currently presented to learners, employees and the general public by applying either conventional or advanced (i.e. electronic) methods. For many years, learning methods have been traditional, considering teachers who are providers and transmitters to learners of educational information as the centre of the learning process [6] . Transferring traditional learning methods to e-learning and web based technologies plays a big role in the learning and teaching process. But what is e-learning? e-Learning is the employment of technology to aid and enhance learning. It can be as simple as High School students watching a video documentary in class or as complex as an entire university course provided online [7] . Yet another term which should be defined. This term is the Learning Object (LO). It was defined by the Learning Technology Standard Committee (LTSC) of the Institute of Electronic and Electronic Engineers (IEEE) as "any entity, digital or non digital, that may be used for learning, education or training" [8] . It was noted that LOs are extensively used by well known corporations such as Cisco, Microsoft. AT&T Business Learning Services also adopt this technology for internal and customer training [9] , [10] .
By reviewing many papers in e-learning fields, there are many architectures and platforms which have been adopted as testbeds and prototypes. One of these is a Learning Management System based on the Life Cycle Management Model (LCMM) of e-learning courseware [11] .This model concentrates on analysis, design, development, delivery and measurement of courseware content -activities known collectively as Sharable Content Object Reference Model(SCORM) -within the e-learning environment. This architecture does not include collaboration with other learning management systems on other sites. Another e-learning architecture was proposed based on workflow using fuzzy Petri nets [12] . This architecture takes account of the processes of academic study activities which means that it navigates the learning resources (i.e. Learning Objects LO), adapting to each learners pace by formal description of their learning path and the application of workflow technology in building and implementing workflow course in the service environment. This architecture also does not consider the LO service as a grid service. Yet another architecture which depicts the virtual Montfort University, Leicester, United Kingdom salehsz06@yahoo.com, aayesh@dmu.ac.uk, zedan@dmu.ac.uk environment of e-learning [13] integrates a media stream into the learning environment (virtual reality); it is based on the MVC architecture (Model, View Controller When we talk about learning objects (LO), usually we refer to metadata. Metadata is used to make LO reusable, sharable, storable and manageable in a repository such as an archive or museum. The most popular metadata standards that provide cataloguing, searching and reuse of resources are the Dublin Core Metadata Element Set (DCMES) and the IEEE Learning Object Metadata (LOM). Nowadays, search engines are using catalogue concepts to structure Web page contents. Having information about the content makes it easier for humans and computers to classify a resource.
On one hand, IEEE LOM organises its 60 elements into nine categories: general, life cycle, meta-metadata, technical, educational, rights, relation,annotation and classification. On the other hand, the current version of DCMES includes 15 well-defined elements for describing core information properties: title, creator, subject, description, publisher, contributor, date, type, format, identifier, source, language, relation, coverage, and rights [14] .
B. Grid Computing
Grid computing provides an environment where a widely distributed scientific and academic community shares its resources across different administrative and organisational domains. The purpose of grid computing is to solve large-scale computing and data-intensive applications and collaborate in a wide variety of disciplines. Grid computing, therefore, enables the creation of a virtual environment which facilitates physical resources across different administrative domains in order to be beneficial; these resources are then abstracted into computing or storage units that can be transparently accessed and shared by large numbers of remote users.
Data grid is concerned with massive datasets and remotely separated storage units organised in a virtual environment. As a result of the increase of learning materials and the need for huge masses of information to be archived and shared among academic institutions and training centres, data grids become an indispensable technology in learning fields. e-Learning platforms and systems have been adopted, developed and published.
These platforms and systems are based on client-server, peer-to-peer and web service architectures [15] .
Based on some papers written in grid fields, there are few extant data grid topologies which have been implemented as case studies or prototypes. One of these topologies is the tree type [16] . The European Organisation for Nuclear Research (CERN) has adopted tree topology in its data grid. The CERN project is implemented as a tree topology consisting of three levels; the root (called Tier 0), intermediate (called Tier 1), and user (called Tier 2) levels [17] . Another architecture which produced a platform using a Sharable Content Object (SCO) repository is based on data grid technology. This platform integrates the technology of data grids and SCORM [2] . Although this architecture uses Globus Toolkit middleware to accomplish learning processes it, does not exploit agent technology in its architecture.
There are two known Data Grid Management System (DGMS) middleware responsible for controlling and managing data grid within the grid environment. The first middleware is Storage Resource Broker (SRB). San Diego Supercomputer Center (SDSC) develops this middleware which supports shared collections that can be distributed across multiple organisations and heterogeneous storage systems.
The SRB can be used as a Data Grid Management System (DGMS) that provides a hierarchical logical namespace to manage the organisation of data (usually files) [18] . The second middleware is OGSA-DAI (Open Grid Services Architecture-Data Access and Integration). OGSA-DAI is a middleware product that allows data resources, such as relational or XML databases, to be accessed via web services. An OGSA-DAI web service allows data to be queried, updated, transformed and delivered. OGSA-DAI web services can be used to provide web services that offer data integration services to clients. OGSA-DAI web services can be deployed within a grid environment. OGSA-DAI thereby provides a means for users to grid-enable their data resources [19] .
C. Agent and Information Management
Agents have many different definitions, one of which is that they are any entities that perceive their environment through sensors and act on that environment based on their own reasoning capability. Examples include human, robotic and software agents [20] . Agent technology has been exploited heavily on the Web through applications in many fields including industry, business, education and training. One of the most famous agent applications is video games, which have become a large part of many people's lives. Applying agent technology in video games has many aspects. One of the obvious benefits of video games is the elimination of risk to human life involved in any real-world application. They also make an excellent testbed for techniques in artificial intelligence [21] . Another example of using agent technology is simulations using multi-agent systems. Defence simulation can enable military planners, strategic defence staff and even operational staff to gain experience and knowledge of complex military operations through simulations and war games [22] .
Information management has an important role in any enterprise system. The Internet and World Wide Web (WWW) refer to massive distributed datasets. If we want these datasets and data to be beneficial, we have to organise them in such way that they can be managed. One of the most well-known methods of managing information is by using agent technology. In the context of information management, the types of agents depend on their purposes and functions. There are three types of agent, which inhabit static, mobile, personal and shared devices [23] . The first type is a personal service agent whose purpose is to model the interactions of community members with personal devices, the second type is a location service agent whose purpose is to models the interactions of community members with shared devices placed in specific community locations, and the third type is a memory service agent which models how the information content is stored and disseminated to people or
Many e-learning architectures have been proposed using integration between agent technologies and web services [24] . Although this architecture integrates agent and web services technologies, it does not exploit data grid technology.
III. REQUIREMENT ANALYSIS
Designing an effective architecture requires thorough analysis. Users and environment needs are the most important factors in this matter. Here follow some highlights of analyses which have been taken from our architecture context:
A. Context and Motivation
With the emergence of the Internet as the backbone of global communication and information exchange, greater attention has been paid to e-learning. Many academic institutions and training centres worldwide are embracing web-delivered instruction. In recent years, new public and private universities have been established to offer degree programs delivered exclusively online. In Saudi Arabia there are many reasons to adopt and embrace the proposed architecture, of which these are some:
1. Saudi Arabia covers 2,149,690 sq.km, and has more than 46 universities and colleges. In our proposed architecture, this huge area needs to be divided into regional grids. 4. Economics: Using e-learning technology will reduce the number of students who use traditional classes at academic institutions to pursue their studies. Therefore, budgets dedicated to running institutions and training centres will be reduced. In the economical context, immigration to big cities will be limited if e-learning is adopted by academic institutions. Using e-learning will actively prevent young people from emigrating from rural areas to cities, bearing in mind that communication technology is accessible in most inhabited areas. 5. Society and culture: In Saudi Arabia, King Faisal faced public resistance against female education. He was not initially able to convince people [26] . In 1963 King Faisal commanded the official force to keep girls' schools open. Although there is not a single verse in the Holy Quran which forbids the education of women, some parents prevented their daughters or sisters from pursuing higher or even secondary education. This was on account of some local tribal traditions which mandated segregation of genders [27] and social conservatism.
Adopting e-learning architectures in academic institutions will generously help tackle these problems. Hence, girls can pursue higher education using the Web without attending actual classes.
B. Requirements for Dynamic E-learning Environment
In order to produce an effective and dynamic e-learning model to tackle issues related to this field we should consider some criteria which must be adopted in our model. Scalability is one factor that any dynamic system depends on it. In our architecture, OGSA middleware is responsible for scalability, reliability and integration of data grid within a grid environment. A federation of databases of Learning Management Systems (LMS) has been applied in this context. A large-scale grid system can create added value such as connecting huge numbers of resources, allowing them to be utilised and thereby enabling new services [28] .
Communication with other Learning Management Systems is another important factor in e-learning environment. What concerns our model is the communication issue that relates to grid services which is provided by LMS. Use of agent technologies to resolve this problem is highly recommended; this led us to produce a dynamic architecture. The details are illustrated in the following section.
IV. RDADELE
The key point in our architecture is dividing the whole grid into a number of regional grids as shown in Fig. 1 . Each region has its own nodes or servers, each of which represents one or more institutions. Fig.1 shows an overview of our proposed architecture (RDADeLE) which consists of agents providing the internal structure. These agents are triggered when the state of e-learning environment is changed and when a request is initiated by a user. The user in our architecture refers to an end user or a requester representative. Dotted lines show the request path which travels to regional grids in order to search for LOs. The path also shows the results returned to the user. The portal is a thin client which provides a user interface. The portal is a means to enable the user to send a request and receive a response to and from the system. Using data grid and thin client (portal) enables learners, employees and the general public to search for and collect information about (LOs), learning units (LUs), courses and degree plans from nodes all over e-learning environment. The solid lines show the agents' routes when they travel between nodes within each regional grid and between grids themselves. On the one hand, the role of agents within each regional grid is both to help users to search and retrieve LOs and update each regional registry. On the other hand, agents traveling between regional grids are responsible for controlling the data passing between them according to assigned constrains which are part of the regional grids' properties.
A. Architectural Components
The square shapes represent nodes. Nodes represent the locations of servers which provide grid services. Grid services include providing educational materials (i.e. Learning Objects LOs). Each regional grid has one or more server which represent one or more academic institution or training centre.
The agents are designed as hierarchical structures of Multi-Agent systems. We have adopted this approach in order to build dynamic and robust distributed data grids (i.e. regional grids). We consider that agents in the developed architecture are intelligent and autonomous. There are many reasons for this view. Firstly, intelligence is required in such multi-task systems. Secondly, intelligent agents support the execution of tasks in an optimal timescale. Autonomous agents can perform tasks in pursuit of a goal without direct supervision or control. These types of agents are necessary in our proposed developed and dynamic architecture.
B. Regional Grid Structure
Regional grids each represent one or more educational institutions and training centres. What concerns us is the grid services provided by these sites. Grid services in our architecture will make repositories of LOs and their metadata available to requesters. We assume that each repository represents an institution or training centre (Fig.2) . Our purpose in distributing the registries in our architecture is based on an approach which will be explained in this section. There are two approaches which could be adopted in our architecture. The first is to create a central global registry. The content of this global registry is the contents of all registries in each regional grid. Users can discover all LOs in all regional grids via the global registry. At the same time, registries in each regional grid are used to discover only that grid's LOs. Users can access global and regional registries to discover LOs. The second approach is based on assigning one regional registry for each regional grid. In this approach there is no central registry with which to discover LOs. Instead, regional registries are used to discover regional LOs. In this approach, all regional registries should be connected to each other in order to discover all LOs across the global grid.
In RDADeLE, members (users) of academic institutions or training centres represent the active entities, while the regional grids support the infrastructure:
• A member may dynamically connect(join) and disconnect (leave) from RDADeLE.
• Regional grid is supposed always to be connected to RDADeLE.
• Each regional grid has one registry which publishes all LOs connected to it.
• A registry of a particular regional grid is updated according to the number of LOs repositories which connect or disconnect from the regional grid.
• Each regional grid has its own constraints which are considered part of its properties. Information is passing between regional grids according to these constrains. Reasons for dividing our architecture into regional grids (regional segments) include the following. Such a division helps produce a sound structure. This gives the designer a flexible approach of constraint-based segments.
The other reason is that regional grids could include one or more countries which have common cultural or demographic properties. This will ease the way for any institution or training centre to connect to the regional grid with the similar properties. Yet another reason that dividing our architecture provides a flexible constraint setting for particular regional grids, which is useful in utilising each regional grid in particular and the whole global grid in general.
C. Multi-Agent Role in Regional Grid
The primary concern of the MAS-based e-learning environment is the interaction of agents themselves and their relationships with their environment. These relationships are created in order to introduce dynamic e-learning environments. Controlling and organising agents' behaviours is another factor in producing a dynamic e-learning environment. The multi-agent platform in Fig.3 [29] plays a major role in relationships between regional grids themselves and between components within each regional grids. The main role of multi-agent systems in regional grids is to build a dynamic, intelligent and collaborative environment.
This paragraph discusses the multi-agent structure which has been adopted in our architecture. We propose that the multi-agent structure be hierarchical (i.e. layered). This approach is ideal for solving large-scale, complex problems. Hierarchical structures have been adopted and studied in many fields of research including scientific computing and business processing. The basic idea of hierarchical structure is that a complex system can be divided into subsystems; the overall behaviour of the system is determined by its subsystems which perform sub-functions [30] . Hierarchical layered MAS has Fig. 3 . Hierarchical Agent-Structure three layers, the upper, middle and bottom levels, as shown in Fig.3 .
Agents need to get behavioural instructions from their higher level agents in the hierarchical structure, and get support from agents in lower-level agents to perform their tasks. In our model, we consider the following. RDADeLE corresponds to the upper level agents (administrative agents). These agents are responsible for controlling and managing other agents at lower levels, who in turn are responsible for regional grids communicating with each other. Regional grids correspond to middle level agents, which are responsible for supporting activities within regional grids. Regional grid components correspond to bottom level agents which are considered to be sensors of the environment.
Hence, there are three types of agent. The first one is the administrative agents; it is proposed that this be described as a tuple as follows:
where:
• Rg is a regional grid.
• l is a learning object.
• r is a request.
• c is a constraint.
• a is an action.
The second type is the regional agents which again can be described as a tuple as follows:
• u is a user.
• s is a service (LO source).
The third type is the sensors agents which can also be described as a tuple as follows:
• st is a state.
• t is a type of state.
In our model (a hierarchical structure), the highest level agents are responsible for monitoring the environment. This means that the primary role of these agents is controlling both the behaviours of a whole environment and the data passing between regional grids according to assigned constrains. The middle level agents are intermediate ones responsible for controlling the behaviour of a regional zone that includes a number of low-level agents. In a regional grid, possible requests can be represented as a set R = {r0, r1, r2, ...} .
For each user request, there exists constraints which forms a set of constrains:
Once the agent perceives the request, it executes an action. Agent capabilities can be represented by a set of actions:
This process of agent action generation can be represented as a function:
V. CONTENTS AND SERVICES MANAGEMENT The architecture encapsulates educational materials inside grid services which satisfies the demands of interoperability and reusability [31] . In a typical invocation of a web service, a client may use UDDI Registry (Universal Description, Discovery and Integration),but in our architecture the client may use the registry for invocation of grid services. e-Learning content is published in the content registry in order to be accessible to requesters. The UDDI Protocol is used to find a server that hosts a grid service. A Learning Management System (LMS) is accessible via a web page. A learner has to authenticate in a LMS. Using agent technology, learners automatically logon to the grid services via Open Grid Services Architecture -Data Access and Integration (OGSA-DAI). Learners can search for suitable LOs with agent assistance using OGSI-complaint interfaces (OGSI Data Service) which utilise such programmes languages as XML Schema, XPath, XQuery, XSLT, etc. (Fig.4) . Datasets within regional grids are managed and controlled by both Data Grid Management Systems and agents. The agents' role in this context is to provide the means to simplify activities within regional grids and help them communicate with each other. The following functions are performed by agents. The function of updating registries is indispensable in e-learning environment in order to provide requesters the correct and updated LOs' information. The update is performed in two situations. First, when LOs' authors update LO repository; and second, when LO repository connects or disconnects from the regional grid. Another function relates to searching for LOs which is considered an important factor in search results precision. The requester may have more that one LOs' information from a search, but which one is suitable for the requester's needs?. The role of this function is analysising the search results. Yet another agent function is to be responsible for authentication to both the LMS and DGMS middleware via a single logon. All other LMS capabilities (discussion, chat, progress monitoring, accounting, course management, authoring) are considered to be web services [31] .
VI. CONCLUSION
In this paper we have presented Regionally Distributed Architecture for Dynamic e-Learning Environment (RDADeLE). This paper mainly describes an architecture for an e-learning environment; this architecture is based on data grid and agent technologies to guarantee collaboration between academic institutions and training centres. We began the paper by highlighting three factors: the e-learning environment, grid computing and agent technology. Secondly, we presented the essential requirements for a dynamic e-learning environment. Then we presented our proposed architecture and the role of MAS in regional grids in order to create a dynamic e-learning environment by dividing it into regional grids. Finally, LO contents and services management were presented. Agents are able to query metadata and analyse the result. We expect this architecture to be scalable, stronger and efficient. Initial performance was analysed, and some practical applications and further experiments remain to be performed in the future.
